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Table 1: Indications and Contraindications for Adolescent Metabolic and Bariatric Surgery (MBS) 
Indications for adolescent MBS include: 
• BMI ≥35 kg/m2 or 120% of the 95th percentile with clinically significant comorbid 
conditions such as obstructive sleep apnea (AHI >5), T2D, IIH, NASH, Blount’s disease, SCFE, 
GERD or hypertension; or BMI ≥40 kg/m2 or 140% of the 95th percentile (whichever is lower). 
● A multidisciplinary team must also consider whether the patient and family have the 
ability and motivation to adhere to recommended treatments pre- and postoperatively, 
including consistent use of micronutrient supplements.  
Contraindications for adolescent MBS include: 
● A medically correctable cause of obesity 
● An ongoing substance abuse problem (within the preceding year) 
● A medical, psychiatric, psychosocial, or cognitive condition that prevents adherence to 
postoperative dietary and medication regimens. 
● Current or planned pregnancy within 12 to 18 months of the procedure 
 
  
Abstract    
The ASMBS Pediatric Committee updates their evidence-based guidelines published in 2012, 
performing a comprehensive literature search (2009-2017) with 1,387 articles and other 
supporting evidence through February, 2018.  The significant increase in data supporting the 
use of metabolic and bariatric surgery (MBS) in adolescents since 2012 strengthens these 
guidelines from prior reports. Obesity is recognized as a disease; treatment of severe obesity 
requires a life-long multidisciplinary approach with combinations of lifestyle changes, nutrition, 
medications, and MBS.  We recommend using modern definitions of severe obesity in children 
with the CDC age and gender matched growth charts defining class II obesity as 120% of the 
95th percentile and class III obesity as 140% of the 95th percentile.  Adolescents with Class II 
obesity and a co-morbidity (listed in the guidelines), or with Class III obesity should be 
considered for MBS.  Adolescents with cognitive disabilities, a history of mental illness or eating 
disorders that are treated, immature bone growth, or low Tanner stage should not be denied 
treatment.  MBS is safe and effective in adolescents; given the higher risk of adult obesity that 
develops in childhood, MBS should not be withheld from adolescents when severe co-
morbidities such as depressed Health Related Quality of Life score, type 2 diabetes, obstructive 
sleep apnea, and non-alcoholic steatohepatitis exist. Early intervention can reduce the risk of 
persistent obesity as well as end organ damage from long standing co-morbidities.  
Key words: pediatric; adolescent; bariatric surgery; metabolic and bariatric surgery; weight loss 
surgery; type 2 diabetes; guidelines; childhood obesity; adolescent obesity;  guidelines for 
adolescent bariatric surgery; morbid obesity 
Introduction: 
Recent evidence reports there is no evidence that childhood obesity has declined in any 
age groups 2-19 years of age; and that the prevalence of severe obesity, in particular that which 
affects the adolescent age group, appears to be increasing at alarming rates.1 While overall 
rates of childhood obesity have tripled since the 1980s, the prevalence of obesity in adolescents 
has quadrupled.1,2 Approximately 18.5% of youth in the U.S. meet the criteria of obesity (i.e. 
BMI percentile ≥95th% for age and sex) while 8.5% of those 12-19 are categorized as severely 
obese (BMI ≥ 120% of the 95th percentile); representing approximately 4.5 million children.1,2 
Furthermore, severe obesity is currently known to be the fastest growing subcategory of 
obesity in adolescents.3  
Obesity is a multifactorial disease; like cancer, obesity is caused by a combination of 
genetics, environment and metabolic programing.4   Unlike cancer, significant stigmatization is 
associated with obesity; patients who suffer from this disease often are perceived as being 
responsible for the disease process.5  Studies of implicit weight bias suggest multiple sources of 
weight stigma towards patients affected by obesity including healthcare professionals.6-8  
Education about the genetic and metabolic underpinning of obesity may decrease this bias.9,10 
In 2013, obesity was recognized by the American Medical Association as a disease, 
which opened the door to increased research in the field.  Since the publication of the most 
recent ASMBS best practice guidelines related to metabolic and bariatric surgery (MBS) in the 
pediatric population in 2012, there has been a significant increase in published reports of MBS 
used to treat the disease of severe obesity in patients under 19 years of age as well as reports 
of comorbidity resolution with these operations11,12. There have also been a number of 
prospective studies examining long-term outcomes, cost effectiveness, and improvement in 
weight-related quality of life.13-16 
Recently reported 3-year outcomes data from the Teen-Longitudinal Assessment of 
Bariatric Surgery (Teen-LABS) study, a prospective multi-institutional observational study of 242 
adolescents undergoing metabolic and bariatric surgery (MBS), marked a turning point in the 
treatment of severe obesity in children.17 While prevention remains the mainstay of obesity 
policy, in children who develop severe obesity, it has become clear that MBS is a safe and 
effective treatment for these children and should be considered more readily at the level of 
primary care. This consensus-driven paradigm is further supported in the context of 
disappointing outcomes related to the application of non-surgical treatment modalities alone 
(i.e. diet, exercise, and behavior modification). The treatment of severe obesity in adolescents 
clearly requires a multi-disciplinary approach where MBS should not be consigned to the 
treatment of last resort. Rather, when considered appropriate and within the clinical best 
practice guidelines, MBS should be readily offered to adolescents with obesity to effectively 
reverse comorbidities and achieve overall wellness.18-23 
The rapidly expanding body of data related to adolescent metabolic and bariatric 
surgical outcomes have rendered the most recent Best Practice Guidelines from ASMBS (2012) 
to be outdated.24 The aim of this current report, therefore, is to re-evaluate and update 
recommendations based on contemporary publications.  Through this updated communication, 
we hope to continue to provide guidelines for patients, their families, and physicians for 
referring and choosing MBS in the adolescent population.  With these guidelines, our aim is to 
remove the stigma against the surgical treatment of childhood obesity and educate pediatric 
physicians and providers about the need for early referral of patients suffering from severe 
obesity to a MBS program.  
Introduction:  Metabolic and bariatric surgery is a proven, effective treatment for 
severe obesity disease in adolescents and should be considered standard of care.  
Pediatricians and primary care providers, should recognize that children with severe 
obesity require tertiary care and refer early to a metabolic and bariatric surgery center 
with advanced treatments and support. 
Methods and Procedures: 
An extensive literature search using Pubmed was performed examining publications 
from January 2009 thru October 2017. Search terms included: weight loss surgery (WLS) and 
pediatrics, adolescents, gastric bypass, sleeve gastrectomy, laparoscopic adjustable band, and 
extreme obesity. There were 1,387 abstracts reviewed and categorized into each topic 
discussed below (i.e. diabetes, pregnancy, choice of surgery, etc.).  These smaller libraries which 
varied in size from 3-137 articles each were shared with each author who added additional 
references through the date of publication to support their section. Wherever possible, 
adolescent-specific data were used however, 497 of the articles retrieved did not include 
adolescent data, and were used where adolescent data was no available. The articles included 
meta-analyses, randomized controlled trials, cohort studies, case reports, and prior systematic 
reviews with expert opinions.   
 
 
Obesity disease related co-morbidities and outcomes 
Cardiovascular disease 
A large body of literature links the disease of obesity, and in particular severe obesity, 
with the associated development of numerous cardiovascular disease (CVD) risk factors, the 
progression of frank cardiovascular pathophysiology, and functional abnormalities leading to 
premature mortality in adults.  There is a dose dependent increase in mortality from 
cardiovascular disease in adults who suffer from obesity established during childhood.  When 
children have a body mass index (BMI) over the 95%ile, their risk of CVD mortality is increased 
3-5 times at age 50 years.25 There are now a handful of contemporary reports that have sought 
to directly address the potential improvements in baseline cardiovascular health following 
surgically-induced weight loss. 3,26 As with other obesity-related comorbid illnesses that have 
been extensively documented in the adult population, numerous researchers report evidence 
of the pathologic impact of severe obesity on the adolescent population being considered for 
metabolic and bariatric surgical intervention (i.e. hypertension (HTN), diastolic dysfunction and 
elevated cardiac work load, etc.).27-29 In combination with the existence of numerous markers 
of generalized cardio-metabolic dysfunction (i.e. dyslipidemia, hypertension, abnormal glucose 
metabolism, type 2 diabetes and elevated levels of high sensitivity C-Reactive Protein [hs-CRP]) 
as well as recent evidence showing the high propensity for children with severe obesity to 
become adults with severe obesity, several recent studies support the use of MBS earlier in life. 
30-32 
In addition to a number of retrospective and single-centered studies showing 
unexpectedly high prevalence of dyslipidemia, hypertension, insulin resistance, and type 2 
diabetes (T2D) among teenagers presenting for MBS, a number of larger ongoing prospective 
studies have confirmed both baseline risk as well as longitudinal changes following MBS. In 
separate recent reports by Teeple et al.30 and Inge et al.,32 both groups of investigators showed 
significant improvements in nearly all measures of cardiovascular disease risk factors by two 
years following MBS. Furthermore, both studies showed significant “early” improvement as 
evidenced by marked improvement in most variables by 12 months following MBS. These data 
are further supported by more recent prospective studies examining the overall safety and 
efficacy of MBS in adolescents; where, significant benefits in cardio-metabolic risk have been 
observed.17,33 In a prospective analysis of 81 adolescents undergoing MBS at a single institution, 
Olbers et al.34 showed significant improvement in a number of cardio-metabolic risk factors in 
conjunction with significant reduction in excess body weight.  In particular, complete resolution 
of elevated serum insulin level (observed in 70% of subjects before undergoing MBS) as well as 
marked improvements in several additional markers of cardiovascular health (lipid panels, 
systolic and diastolic blood pressure, hs-CRP, and Hemoglobin A1c [HbA1c]) suggest the 
possibility of clinically relevant improvements in future morbidity and mortality rates as a result 
of such therapeutic intervention.  
Most recently, the Teen-LABS research consortium, an ongoing National Institutes of 
Health (NIH)-funded prospective observational study of 242 adolescent subjects undergoing 
MBS, showed similarly high prevalence of cardiovascular-related risk.13. Recently published 
longitudinal outcomes from the same study cohort demonstrate significant improvement in the 
overall prevalence of cardiovascular risk factors following surgically-induced weight loss in 
addition to a notable decrease in multiplicity of associated risk factors.35 In addition to the 
overall changes observed in risk prevalence, accompanying analysis identified several predictors 
of cardiovascular risk reduction during the post-operative study time period. Specifically, 
increased weight loss, female sex and younger age at time of surgery predicted an increased 
likelihood of normalization of certain measured risk factors. While improvements in 
dyslipidemia, elevated blood pressure, glucose metabolism and systemic inflammation (hs-CRP) 
in association with increasing weight loss are not altogether unexpected, results showing that 
younger participants were more likely to experience improvements in dyslipidemia and 
elevated hs-CRP levels compared to older patients is novel.  Further, females were more likely 
than males to experience significant improvements in blood pressure raising the possibility of 
ongoing refinement in the timing of surgical intervention.35 
Cardiovascular Disease:  Adolescents with severe obesity have significant risk factors for 
cardiovascular disease (CVD) including, hyperlipidemia, elevated inflammatory markers, 
hypertension and insulin resistance.  Metabolic and bariatric surgery significantly 
improves these risk factors and therefore would be expected to decrease morbidity and 
mortality from CVD long-term.  CVD risk factors should be considered a strong indicator 
for metabolic and bariatric surgery. 
Type 2 Diabetes Mellitus 
Like the disease of obesity, T2D is a chronic, recalcitrant disease that has seen an 
increase in prevalence worldwide over the past three decades.13,17, 34,36,37 These parallel 
epidemics (obesity and T2D), pose a challenge to all health care providers.38,39 Moreover, 
childhood obesity is not only linked to an increased incidence of T2D but can also be a predictor 
of an increased rate of death from cardiovascular events.37  Adolescents with T2D show a 
decline in beta-cell function in the pancreas that is 4 times faster than that seen in adults.40 End 
organ injury, especially kidney disease, occurs earlier in adolescents than adults and fails to 
respond to medical therapies for childhood onset T2D.41 In addition, HTN, CVD, retinopathy, 
depression, and neuropsychiatric comorbidities are all associated with T2D and worsen over 
time.  When children develop T2D at age 10, they can expect a risk of comorbidities by age 15 
of 16-39% microalbuminuria, 35-46% HTN, 66% high triglycerides, 62% low HDL, 14% 
retinopathy, and 8% neuropathy.  T2D is usually preceded by insulin resistance for several years 
and we should therefore include insulin resistance as an indication for MBS.  Children with 
insulin resistance can have twice the fasting insulin levels of adults with the same BMI.42 
Only two medications are currently FDA approved in the US for the treatment of T2D in 
adolescents in the US: metformin and insulin.  The TODAY study is the only large, randomized 
study which evaluated the treatment of T2D in adolescents.43 This study looked at nearly 700 
youth (12-16 years old) randomized to three treatment groups with metformin alone, 
metformin and rosiglitazone (a thiazolidinedione), or metformin in conjunction with lifestyle 
counseling.   Outcomes after a median treatment time of 11.5 months showed failure, defined 
as HbA1c >8% over 6 months, in 51.7% with metformin alone, 38.6% with metformin and 
rosiglitazone, and 46.6% in metformin plus lifestyle intervention.  Weight loss was minimal at 
two years with any of the treatments.  The severe adverse event rate associated with the study 
was 19% overall.  
Despite the increase in obesity and T2D and the lack of effective medical therapies, 
most primary care providers view MBS with skepticism.44 More recently however, an emerging 
body of evidence shows favorable outcomes related to adolescent MBS coupled with a 
multidisciplinary team model and  very low rates of morbidity.14,45-48 Additionally, both vertical 
sleeve gastrectomy (VSG) and Roux-en-Y gastric bypass (RYGB) adolescent MBS offer 
comparable results on short term remission or partial remission of T2D.45, 49-51 
In adults, several randomized controlled trials of maximal medical treatment compared 
to surgical treatment for T2D have shown superiority of surgical treatment.52-54Recent 
consensus in adults has led to the recommendation that MBS be considered as a primary 
treatment for T2D in adults.   A recent analysis compared the outcome of 30 adolescents with 
T2D enrolled in the Teen-LABS study to a matched group of 63 individuals enrolled in the 
TODAY trial.  Over a 2-year period of follow up, mean HbA1c declined from 6.8% to 5.5% in 
Teen-LABS and increased from 6.4% to 7.8% in TODAY, while compared to baseline, BMI 
decreased 29% in Teen-LABS and increased by 3.7% in TODAY.   Compared to medical 
management, surgical treatment of adolescents with severe obesity and T2D resulted in 
superior glycemic control, reduced weight, and improvement of other comorbidities of T2D in 
youth.55 Given the poor outcomes of medical treatment of T2D in adolescents as well as the 
significant risk of comorbidity progression, MBS should be considered early in the prevention 
and treatment of T2D in children, especially those who fail medical therapy. 
A recent study by Khidir et al., demonstrates at 5 years following MBS in adolescents 
there was 100% resolution of insulin resistance compared to 96% in adults56.  Also at 5 years, 
87% of adolescents and 59% of adults were off all medications for T2D. This is similar to findings 
in Teen-LABS at three years showing remission of pre-diabetes in 76% and T2D in 95% of 
adolescents.17 Clearly MBS is an excellent treatment for and has also been shown to provide 
prevention of T2D in the adolescent population. 
Type 2 Diabetes Mellitus:  Childhood onset T2D fails medical therapy in over 50% of 
cases and has a poor outcome with respect to end organ damage and early mortality.  Insulin 
resistance in adolescents is more severe than in adults.  Both the RYGB and VSG produce 
remission of insulin resistance and T2D in at least 90% of adolescents and should be considered 
as a primary therapy for children with T2D and severe obesity.  Childhood onset T2D and insulin 
resistance should be considered strong indications for metabolic and bariatric surgery.  
Obstructive sleep apnea 
Up to one third of children and adolescents with obesity may have obstructive sleep 
apnea (OSA).57 The severity seems to increase with age, and children with OSA experience 
increased morbidity and mortality independent of other risk factors.58-60 The prevalence of OSA 
is even greater among adolescents presenting for MBS, ranging from 46-70%.32,60,61 Recent data 
demonstrate substantial improvement and/or resolution after MBS in adolescents, consistent 
with the outcomes in adults, with no increased morbidity or mortality.62,63 Thus, OSA (e.g. 
apnea-hypopnea index >5) is a strong indication for performing MBS earlier. 
Obstructive Sleep Apnea: OSA has been shown to cause significantly decreased 
Health Related Quality of Life (HRQOL) with increased risk of morbidity and 
mortality in adolescents.  MBS in adolescents results in significant 
improvement or resolution of OSA. Thus, obstructive sleep apnea should be 
considered a strong indication for MBS.   
Non-alcoholic fatty liver disease (NAFLD) and steatohepatitis (NASH) 
Non-alcoholic fatty liver disease is a generic term for a wide spectrum of disease that 
ranges from fatty liver to advanced fibrosis and cirrhosis to hepatocellular cancer and end-stage 
liver failure. A study of Childhood and Adolescent Liver Epidemiology showed NAFLD in 9.6% of 
children between age of 2 and 19 years.64 However, Xanthakos et al. evaluated the prevalence 
of NAFLD in children undergoing MBS in the Teen-LABS population, Out of 165 patients who 
underwent liver biopsy at time of surgery, NAFLD was present in 59% patients with 24% 
borderline NASH and 10% showing definite NASH.65,66  
Treatment of obesity is the mainstream of management of NAFLD. Manco et al. showed that 
VSG is more effective than lifestyle intervention for reducing NASH and liver fibrosis in 
adolescents with obesity.50 One of the largest studies in 109 adult patients with biopsy proven 
NASH and/or fibrosis showed 85% resolution of NASH and 34% improvement in fibrosis one 
year following MBS.67 Hence, MBS should be recommended in patients with NAFLD.   
Non-alcoholic fatty liver disease (NAFLD) and steatohepatitis (NASH): NAFLD may be 
present in at least 59% of adolescent patients referred for MBS.  Given complete resolution of 
NASH in approximately 85% of patients who undergo VSG or RYGB, NAFLD should be considered 
a strong indication for metabolic and bariatric surgery in adolescents with severe obesity. 
 
 Idiopathic intracranial hypertension 
Idiopathic intracranial hypertension (IIH) is defined as elevated intracranial pressure 
without clinical, radiologic or laboratory evidence of a cause. IIH can lead to permanent visual 
impairment or blindness. IIH is also known as pseudotumor cerebri (PTC), benign intracranial 
hypertension (BIH), and pseudotumor cerebri syndrome. The overall incidence of IIH in the 
United States is 1 per 100,000 people, but increases to 15-19 per 100,000 in women between 
20-44 years old with obesity.68 There is a strong association between childhood obesity and 
increased risk of pediatric IIH.69 The incidence of IIH in youth with obesity is lower in 
prepubertal children than in adolescents.69, 70 
The diagnosis of IIH is challenging in children.71 Preserving vision and controlling 
symptoms are the goals of therapy. There are no randomized controlled trials in children; 
therapeutic decisions are based on adult experience. 
Response to all therapies is variable. Ventricular/lumbar peritoneal shunts have been 
used to lower intracranial pressure, preserve vision, and relieve other symptoms.72,73 There are 
published case reports of success with weight loss after RYGB.74-76 Loss of as little as 6% of body 
weight has been noted to reduce intracranial pressure.77  
IIH is a known comorbidity of obesity in adults and in children. Children with obesity 
need to be monitored for IIH. One study in adults showed an incidence of 2.8% with 
abnormalities on non-mydriatic fundus photographs and a 0.6% incidence of asymptomatic 
optic disc edema in 606 patients with obesity.78 When IIH is discovered, a progressive 
treatment algorithm proceeding from medical to surgical therapies should be applied. 
Idiopathic Intracranial Hypertension:  Adolescents who suffer from severe 
obesity and have failed medical management of IIH should be considered for 
metabolic and bariatric surgery.  There is little published data, however expert 
opinion supports metabolic and bariatric surgery as effective and safe in 
treating IIH associated with severe obesity.   
Orthopedic disease: 
There are pediatric orthopedic complications of obesity that are not seen in adults or 
described in the adult literature.  Blount’s disease (tibia vara) and slipped capital femoral 
epiphysis (SCFE) are diseases associated with childhood obesity.  There are some case reports 
demonstrating resolution of Blount’s disease after MBS.79-81 Recent data from Teen-LABS 
indicates that MBS improved functional mobility and reduced walking-related musculoskeletal 
pain.82   In light of the fact that children with Blount’s disease may continue to gain weight after 
orthopedic repair of the associated deformities,83 leading to recurrence and possible need for 
further surgeries, it follows that MBS should be considered within the clinical treatment 
armamentarium of this sub-population and in fact, may warrant consideration before related 
orthopedic interventions are carried out.84   
Patients with a Body Mass Index (BMI) above the 95%ile for age are at higher risk of 
developing bilateral SCFE.  A recent large study in the UK showed that in children under 16 with 
SCFE, there was a 2 standard deviation elevation in BMI over those without the disease.85 While 
the orthopedic literature recognizes the risk of bilateral SCFE to be as high as 80% in those who 
present with unilateral disease and they also recognize that a BMI >95 percentile is one of the 
risk factors, they have failed to consider MBS as a treatment option.86  Based on case reports 
and expert opinion, when a patient with obesity presents for repair of stable SCFE that can be 
delayed, then metabolic and bariatric surgery should be considered prior to orthopedic surgery.  
Further, if a patient has undergone repair of one hip, MBS should be considered to possibly 
prevent bilateral disease.   
Orthopedic disease:  Patients who suffer from severe obesity complicated by 
SCFE or Blount’s disease should be considered for metabolic and bariatric 
surgery to potentially improve outcomes surrounding orthopedic operations 
and to reduce the risk of developing bilateral or recurrent disease.   
Gastro-esophageal reflux disease 
Gastro-esophageal reflux disease (GERD) is commonly associated with obesity, thought 
to be, in part, caused by increase intraabdominal pressures.  Several studies indicate that 
weight loss improves GERD.  Nissen fundoplication was once thought to be less effective in 
patients with severe obesity,87 however more recent studies suggest that there may be little 
difference in outcomes based on weight.88 That said, fundoplication surgery should not be 
performed in patients who are likely to require MBS in the future due to the significant increase 
in operative difficulty and complications associated with converting a fundoplication to a 
vertical sleeve gastrectomy (VSG) or Roux-en-Y gastric bypass (RYGB).89 RYGB has been shown 
to be highly effective in treating GERD and should be the treatment of choice in patients with 
severe GERD and severe obesity unless contraindicated.90 
New onset GERD may occur after VSG in about 30-60% with a high incidence of 
eosinophilic esophagitis noted on endoscopy.91,92Weight loss induced by VSG can also result in 
resolution of preexisting GERD. More research is needed to identify best surgical treatments for 
adolescents who suffer from obesity and GERD. 
Gastro-esophageal Reflux Disease:  GERD should be considered a strong indication for 
metabolic and bariatric surgery in adolescents.  Roux-en-Y gastric bypass is highly effective at 
treating GERD and should be considered the most effective treatment for patients with severe 
obesity and GERD.  It is unclear if the vertical sleeve gastrectomy may also be a reasonable 
approach to patients with GERD and obesity (as long as there is no evidence of Barrett’s 
esophagus), as weight loss alone may resolve GERD in some of these patients.  Fundoplication 
surgery should be avoided in patients who may require metabolic and bariatric surgery in their 
lifetime.  
            Quality of Life 
Adolescents with severe obesity report severe impairments in health- (HRQOL) and weight-
(WRQOL) related quality of life.93-94 Most recent advances indicate severity of impairments 
were more notable for females, and for both genders in the areas of weight-related physical 
comfort (e.g., fitting into public seating, bending over), body esteem (e.g., shame and 
avoidance of activities due to weight), and social life (e.g., weight-based teasing, social 
exclusion).94 Moreover, the greater the severity of excess weight, the greater the quality of life 
impairment. Initial outcome reports demonstrate that, along with substantial and durable 
weight loss, adolescents report marked and sustained improvements in HRQOL and WRQOL 
following RYGB, VSG, and adjustable gastric banding (AGB) across the first 3 post-operative 
years.17,95-98 For RYGB, quality of life improvements recently were demonstrated beyond 5-
years, as patients age into young adulthood.34,99 
Quality of life:  Adolescents with severe obesity report significant impairment in quality 
of life, with marked and sustained improvements in relation to surgically induced weight 
loss beyond 5 years. Therefore reduced HRQOL should be considered a significant 
indication for metabolic and bariatric surgery. 
Mental Health 
There have been notable advances in our understanding of the mental health status of 
the adolescent patient. Our initial guidelines were informed by an early literature describing 
high rates of depressive symptoms in adolescents presenting at pre-operative evaluations and 
in those who proceeded to surgery.100-104 More contemporary multi-site data105 have reported 
rates of psychopathology in adolescents approved and undergoing MBS (RYGB, LSG, AGB) as no 
higher than national adolescent base rates (i.e., National Comorbidity Study Adolescent 
Supplement)106 yet lower than adolescents with severe obesity seeking lifestyle intervention.  
While it is possible that psychosocial approval processes have grown more stringent over time, 
more likely, patients with less psychosocial impairment are now seeking/being referred for, and 
proceed, to MBS. For example, a recent single-site report demonstrated that non-completion of 
the pre-operative phase for an adjustable gastric band (AGB) trial was predicted by 
presentation of clinically significant psychopathology at intake.107  
 Nonetheless, there is a subgroup of adolescents who do progress to MBS with mental 
health symptomatology that can be internalizing (≈ 1 in every 3 patients report depressive and 
anxiety symptoms) and/or externalizing (≈ 1 in every 8 patients report anger/disruptive 
behaviors) in nature.105 Outcome data characterizing mental health domains following surgical 
intervention are more limited and short-term in focus, but suggest general improvement in 
adolescent internalizing and externalizing behaviors at 1- and 2-years.95,96,98,102,108 There is also 
a suggestion of a persistence of poor mental health for some patients at 2-years.109 However, 
there is no initial evidence that pre-operative or persistent psychopathology has impact on 
initial weight loss outcomes.96,109  
 Adolescent guidelines to date have suggested that, in the absence of long-term 
outcome data, and with the several exceptions (i.e., active substance use disorder, active 
psychosis, current suicidality), symptoms that are well managed and monitored by adjunctive 
providers should not be considered a contraindication for MBS. This continues to be true. 
Nonetheless, the presence and persistence of adolescent/young adult psychopathology, 
independent of MBS, is a known risk factor for other life challenges (i.e., employment, 
education, residential stability)110 and is also a potential correlate to other known risks in this 
age group (i.e., substance use,110 suicidal behaviors111); risks already identified as clinical 
concerns in this population based on the adult MBS experience.112-114 Thus, adolescents who 
undergo MBS with mental health concerns will benefit from provider discussions about their 
need for monitoring and care post-operatively to both promote positive mental health and 
reduce the potential for long-term negative consequences. 
Mental health:  With the exception of active psychosis, suicidality, or 
substance abuse, mental health disorders are not a contraindication to 
metabolic and bariatric surgery in adolescents. As with any subspecialty clinic, 
patients who present with mental health disorders should be carefully 
monitored following surgery to promote positive mental health and reduce the 
potential risk of further mental health complications (i.e. new substance abuse 
or suicidality).   
 High-Risk Social Contexts  
There are a number of contextual factors to be recognized and effectively managed in 
adolescent clinical care.  
Family Factors: Unlike adult patients, adolescent treatment appropriately involves 
caregivers. Our initial guidelines acknowledged the importance of family support, knowledge, 
and motivation to determine an adolescent’s eligibility.115-116 Based on the multi-generational 
nature of obesity, it is not surprising that the majority of adolescents under metabolic and 
bariatric care have a primary caregiver who has obesity, if not severe obesity.117  Interestingly, 
approximately 1 in 4 adolescents have a primary caregiver who has undergone MBS 
themselves.117 Rates of problematic family functioning are notable (i.e., 1 in every 2 to 3 
families) with adolescents and caregivers reporting unhealthy communication, less 
interest/involvement with one another, challenges in working together.117 Initial evidence that 
these types of family factors impact short-term weight loss outcomes have been mixed. For 
example, AGB patients reporting higher family conflict experienced poorer weight loss 
outcomes at 1-year.96 Yet, in the larger multi-site sample of predominantly RYGB and SG 
patients,117 none of the family contextual factors (family dysfunction, caregiver mental health, 
social support, caregiver BMI, caregiver history of MBS) were related to adolescent weight loss 
outcomes at 1 and 2 years.117  Whether family factors have impact on other critical patient 
outcomes (i.e., perioperative safety, nutritional risks, psychosocial health) remains unknown.  
Family factors: Family dysfunction is not uncommon, yet there is not strong evidence 
suggesting it impacts adolescent weight loss following MBS, at least in the short-term 
and therefore should not be considered a contra-indication to metabolic and bariatric 
surgery in adolescents 
 Child Maltreatment:  Our earliest guidelines115-116cautioned that a history of child 
maltreatment, and specifically sexual and physical abuse, may present a contraindication to 
adolescent MBS or interfere with treatment. Recent data indicate that approximately 29% of 
females and 12% of male adolescents with severe obesity in clinical weight management 
settings, including those undergoing MBS, report a history of child maltreatment (i.e., all forms 
of physical, emotional, and sexual abuse and/or neglect).118 Rates of physical and sexual abuse 
specifically for adolescents undergoing MBS were 7.3% and 8.3%, respectively. These rates are 
no higher than national adolescent base rates, but contrast with the adult literature which has 
child maltreatment rates as high as 66%.119 There remains no adolescent empirical base to 
suggest a history of any form of child maltreatment would serve as a contraindication to MBS, 
with only one empirical study96 suggesting involvement with family services (i.e., alleged abuse 
and/or neglect) was unrelated to 1 year weight loss following AGB.  Further, the adult literature 
to date indicates similar weight loss and health outcomes among maltreated and non-
maltreated patients.120-122 That said, across adolescent and adult patients, those with a child 
maltreatment history bring greater psychosocial impairment into the clinical setting.118,119,123 As 
previously outlined by Zeller and colleagues,118 psychosocial providers in pediatric programs are 
uniquely positioned to assess a patient’s maltreatment history and play a crucial role in 
facilitating appropriate referrals to adjunctive care.  Providers may find the American Academy 
of Pediatrics trauma guide a helpful resource (see www.aap.org/traumaguide).  
Childhood maltreatment: Adolescents with a history of maltreatment may 
present with greater psychosocial challenges in general, but there are no data 
to suggest a history of child maltreatment is a contraindication for metabolic 
and bariatric surgery. 
Substance Use Behaviors:  Since the publication of our previous guidelines, the adult 
MBS literature has documented problematic alcohol use behaviors (use, abuse) increase post-
operatively in adult RYGB patients, with rates of alcohol use disorder (AUD) estimated at 8-9% 
at 2-3 years post-operatively, including adults with no previous AUD history.113,124 Moreover, 
pharmacokinetic studies have demonstrated that RYGB patients, specifically, experience 
heightened alcohol sensitivity post-operatively with implications for clinical safety.125 In 
response, recommendations for the assessment and management of alcohol use in adults after 
MBS have been published,126 with the most recent ASMBS adult clinical practice guidelines 
asserting “following RYGB, high-risk groups should eliminate alcohol consumption”.127 While 
the adolescent patients were not identified in these position statements, appropriate patient 
care at the program level was assumed. 
It is well established that alcohol use behaviors typically have initial onset and increase 
from adolescence into young adulthood128, 129 launching some on a trajectory to abuse and 
dependence by adulthood.130,131 Alcohol is also the most frequently used substance by 
adolescents in general,132 including those with severe obesity.133,134 Moreover, adolescents 
drink differently than adults, typically consuming more drinks per occasion (i.e., binge 
drinking).135  
Our current knowledge about the adolescent patient is based on recent multi-site data 
from the Teen-LABS consortium.136 A minority of adolescents (<10%) reported having 
consumed any alcohol in the year prior to MBS with prevalence of any alcohol use increasing 
across the first 2 post-operative years (≈ 30% reported consuming alcohol during the second 
post-operative year). These rates of post-operative alcohol use were lower than national base 
rates for adolescents/young adults. Moreover, the increasing rate of those who consumed 
alcohol was also seen in a non-operative comparison group of adolescents with severe obesity 
followed over the same course of time. Although fewer adolescents drank alcohol than 
normative base rates, a significant minority of those who drank alcohol, did so in potentially 
dangerous ways.  One in every 2-3 reported typically consuming of 3+ drinks when drinking and 
1 or more instance when they consumed 6+ drinks in a single sitting.  One in 4 reported having 
experienced alcohol-related harm. Finally, screening rates for AUD, while comparable for RYGB, 
LSG, and non-operative groups (≈ 9%), are comparable to adult post-operative rates at a similar 
time point.113,124 As previously outlined,136 routine screening of alcohol use is imperative across 
all procedures. Conservative clinical care guidelines which strongly advocate abstinence, while 
appropriate, must also include information for this age group on harm reduction (i.e., lower 
consumption levels, how to avoid or manage situations related to alcohol-related harm) to 
mitigate clinical and safety risks.  
Alcohol as well as smoking and vaping of nicotine and NSAID use are significant risk 
factors for ulcer formation after RYGB, accounting for 75% of ulcers found in one study.137 
Adolescents with obesity were more likely to use both cigarettes and e-cigarettes than their 
normal weight peers.138 According to the Centers for Disease Control & Prevention (CDC), the 
use of e-cigarettes or vaping is on the rise in adolescents; up to 16% of high school students 
compared to 9.3% who were smoking.139  E-cigarettes are also being advertised to teens as a 
treatment for obesity.140   Adolescents should be counseled regularly about the risk of smoking 
or vaping with nicotine after RYGB. There are no studies showing adverse outcomes associated 
with marijuana use at this time.  We lack knowledge about other substance use behaviors but 
expect studies to be forthcoming. 
Substance Use Behaviors:  Initial evidence suggests adolescents increase 
alcohol use following MBS, largely due to age-related trends. That said, binge 
drinking and alcohol-related harm may signal increased risks for this patient 
population. All adolescent patients undergoing metabolic and bariatric surgery 
should be routinely screened and counselled on the risks of alcohol misuse and 
abuse. Smoking or vaping with nicotine should be strongly discouraged 
following MBS, specifically RYGB. 
 Disordered Eating 
A recent meta-analysis indicated that approximately 1 in 4 children and adolescents 
with overweight or obesity report binge eating or loss of control eating (LOC).141 Disordered 
eating behaviors are not uncommon in adolescents with severe obesity considering or 
undergoing MBS94,96 with LOC the most prevalent.142 Recent data from the Teen-LABS 
consortium reported 26.9% adolescents met criteria for LOC as compared to binge eating 
disorder (BED; 6.6%), night eating syndrome (5%), or bulimia nervosa (1%) prior to surgery.142  
Correlates of pre-operative BED and/or LOC include greater comorbid psychopathology and 
poorer WRQOL,94,103,142suggesting disordered eating may be a signal for other psychosocial 
burden. Unfortunately, our understanding of whether LOC or any other disordered eating 
behaviors change for adolescent patients following MBS or are related to adolescent weight 
loss outcomes is largely unknown.  Fortunately, psychotherapeutic interventions such as 
cognitive-behavioral therapy, family-based therapy, and executive skill building, as well as some 
pharmacotherapies, show effectiveness in reducing binge eating and loss of control and 
improving weight loss outcomes143,144 
There is initial evidence that for AGB specifically, pre-operative LOC has been linked to 
poorer adherence to post-operative visits145 as well as weight lost at 1-year.96 Adult literature 
demonstrates that while disordered eating behaviors may decline following MBS (RYGB, AGB, 
VSG), patients who exhibit disordered eating post-operatively, and LOC specifically, have sub-
optimal weight loss outcomes.143,144,146,147 Thus, patients who screen positively for eating 
disordered behavior, both before and after MBS, should receive appropriate intervention. 
Ongoing support from behavioral health providers as part of an interdisciplinary medical team 
is recommended.    
Disordered eating: Loss of Control (LOC)-eating is the most common type of 
disordered eating in the adolescent patient presenting for metabolic and 
bariatric surgery (approximately 1 in 4 patients). LOC eating should be 
routinely assessed, treated and closely monitored before and after metabolic 
and bariatric surgery.  However, given that it is treatable, LOC eating should 
not be considered a contraindication to metabolic and bariatric surgery.  
 
 
 Decision Making 
Patient Selection 
While there may be children who should be considered for MBS before adolescence due 
to complications from obesity, we define adolescence here by the World Health Organization 
(WHO) definition as a person who falls between the ages of 10 and 19 years of age.148   
In 2009, Flegal et al. suggested the expression of severe obesity as a percentage above 
the 95th percentile; 120% of the 95th percentile of BMI for age was similar to unsmoothed 99th 
percentile.149 By 2012, Gulati et al. had created new growth charts to augment CDC growth 
charts which allow clinicians to track and visualize BMI percentile values in children with severe 
obesity.150 These growth charts define a child/adolescent’s BMI as a “percentage of the 95th 
percentile”. In 2013, the American Heart Association (AHA) recommended that severe obesity 
in children > 2 years of age and adolescents be defined as a BMI > 120% of the 95th percentile 
or an absolute BMI > 35 kgm2, whichever is lower based on age and sex.3 Further, the AHA 
recommends that this definition be used consistently in clinical and research settings. Most 
recently, Skinner & Skelton expanded the definition of severe obesity to include class I, II, and III 
obesity using the AHA criteria:3 obesity Class I (>95th percentile to <120% of the 95th percentile); 
obesity Class II (>120% to <140% of the 95th percentile) or a BMI > 35 to < 39, whichever was 
lower; or obesity Class III (>140% of the 95th percentile) or BMI > 40, whichever was lower.151 
Indications for MBS in adolescents largely mirrors the recommendations for adults; 
however, there are comorbidities that only affect adolescents and therefore require inclusion.  
In adults, the National Institutes of Health recommend consideration of MBS for individuals 
with BMI ≥40 kg/m2.  MBS is also indicated for adults with a BMI ≥35 kg/m2 if the individual has 
significant current comorbidities including severe OSA, T2D, hypertension, or NASH.  In 
adolescents, we feel that it is important to look at the percentile BMI values especially in cases 
where severe medical conditions exist, affecting children’s quality of life and/or wellbeing. MBS 
should be considered for patients with a BMI > 120% of the 95th percentile with hyperlipidemia, 
hypertension, T2D, insulin resistance, depressed HRQOL, GERD, OSA, NAFLD, orthopedic 
disease, IIH, or a BMI >140% of the 95th percentile.  There are online tools available to help 
make these calculations. (https://peditools.org/growthpedi/index.php) 
There are no data to suggest that a youth’s puberty status, as measured by Tanner 
staging, or linear growth, as measured by height, are adversely affected by MBS.  In fact, one 
study by Alqahtani et al. showed improved linear growth in children following VSG compared to 
matched controls.152 There is no reasonable argument to support limiting access to MBS based 
on bone age or Tanner stage.  Indications and contraindications for adolescent MBS are 
included in Table 1 (See Table 1 following Reference section). 
Patient Selection:  A BMI > 120% of the 95th percentile with a comorbidity or a 
BMI > 140% of the 95th percentile should be used when determining weight cut offs for 
adolescents to undergo MBS.  Tanner stage and linear growth should not be used to 
determine readiness for adolescent MBS.  Adolescents are defined by the World Health 
Organization’s (WHO) definition of 10-19 years old, but younger children who meet the 
other criteria could be considered when benefit outweighs risk.  
 
 
Special cases 
In cases of Prader-Willi Syndrome (PWS), hypothalamic obesity (HyOb), and other 
syndromic obesities, there are several small series as well as a meta-analysis in adolescents 
looking at the value of surgical therapies.  As recently as 10 years ago, a critical analysis of MBS 
in adolescents with PWS suggested that outcomes were not as good as in children without 
syndromic obesity.153  Alqahtani published a case matched study of 24 children with PWS and 
those without which confirmed outcomes of more weight regain after VSG in patients with 
PWS, however the VSG was safe and effective showing a 5 year sustained BMI drop of 10 
points.154  Other small studies have shown excellent early weight loss with VSG in PWS 
patients.155,156 
The role of MBS in adolescents who have HyOb as a result of craniopharyngioma (CP) 
was reviewed in a meta-analysis by Bretault et al.157 The analysis looked at 21 adolescents and 
adults who underwent RYGB (6), VSG(8), AGB(6) and BPD(1) for HyOb from CP. Bretault et al. 
concluded that the analysis demonstrated safety and efficacy of MBS procedures in patients 
with HyOb from CP for whom there is no other effective treatment available.  Although 
outcomes were quite variable, the RYGB appeared to be more effective at maintaining long 
term weight loss than the VSG or AGB in several other supporting studies.158,159  A few very 
recent studies suggest that this may be related to the lack of postprandial GLP-1 secretion after 
CP; more research is needed.160,161 
Special Cases:  Given the lack of other options in children with PWS, other 
syndromic obesity, or HyOb, metabolic and bariatric surgery should be 
considered, especially when comorbidities exist.   
Informed consent 
Informed consent for MBS on an adolescent under age 18 years requires consent by a 
parent or guardian and assent by the adolescent when possible. Both parent and adolescent 
must be informed of the risk and benefits of the surgery and the long-term outcomes expected.  
Some key facts to explain include: 1. Adolescents with severe obesity are at increased risk for 
adult obesity with increasing age and weight. 2. Metabolic and bariatric surgery is the most 
effective and durable treatment for severe obesity in adults and adolescents, however life style 
modification, exercise and medications may be necessary to maintain long term outcomes. 3. 
Complications and risks of obesity outweigh the complications and risks of MBS in most 
adolescents. 4. Lifelong vitamin level monitoring and supplemental vitamins are necessary after 
any metabolic and bariatric procedure.162 5.  Long-term there may be need for further surgery 
or procedures following MBS. 6. Weight loss failure, weight regain and return of or failure to 
resolve co-morbidities may occur.  7.  Follow-up and screening for complications specific to 
RYGB including ulcers and internal hernias and to VSG including GERD should be discussed. 9.  
Long term unanticipated results may occur following MBS. It is important to assess both parent 
and adolescent understanding of these facts before proceeding. 
We do not want to exclude patients with limited decision-making capacity who suffer 
from severe obesity and/or comorbidities for which surgery is the only effective therapy.  When 
there is not clear decision making capacity, the care team should agree on what is most 
beneficent for the adolescent based on the adolescent’s own obesity/comorbidity risk, social, 
cognitive, and emotional condition and assist the adolescent and parent in gaining as clear an 
understanding as is possible.163-165It is important to demonstrate before MBS that the lifestyle 
changes required to succeed after surgery can be maintained by the child and caregiver. If the 
child is severely handicapped and fully dependent on the caregiver then an alternative 
caregiver should also be available should something happen to the first. In cases where the 
child cannot assent to the surgery, presentation before the local ethics board should be 
considered.  
However, when there is decision making capacity, one must be very careful when there 
is disagreement between parent(s) and the adolescent.  Thorough evaluation of both parental 
and adolescent comprehension of obesity and MBS should be made. MBS should only be 
performed when both the parent consents and the adolescent assents to the procedure.  
Informed consent: When the adolescent is able to assent, then MBS should only 
be done if one can obtain assent as well as parental consent.  When a child does not 
have the decisional capacity but is able to demonstrate the ability to make lifestyle 
changes required by MBS with or without the assistance of a dedicated caregiver, then 
MBS should be considered.  Both parents and the entire multidisciplinary team with 
consultation of the ethics committee, where appropriate, should agree that MBS is the 
best course of action for the adolescent.   
  Program Requirements. 
Several studies support improvement in quality and safety through clinical 
accreditation.166-167 The Metabolic and Bariatric Surgery Accreditation and Quality 
Improvement Program (MBSAQIP), offers review and accreditation for both free standing 
pediatric programs and adult programs with adolescent teams. In their guidelines, program 
staffing is clearly delineated and our recommendation is to follow MBSAQIP guidelines. These 
guidelines currently require a pediatric or adolescent trained medical physician as the 
“Pediatric Medical Advisor” and a psychologist, psychiatrist or otherwise adolescent trained 
licensed counselor who can provide care as a “Behavioral Specialist”. There is a requirement for 
a moderate volume metabolic and bariatric surgeon either adult or pediatric and a transition 
plan into an adult program.  We would also strongly recommend a program coordinator as the 
process and requirements for insurance approval remain daunting.  
The MBSAQIP facilities and equipment requirements lay out very clearly the need for 
larger beds, wheelchairs, x-ray equipment and floor mounted toilets.  MBSAQIP also provides 
guidance for ensuring transition of care from pediatric to adult metabolic and bariatric 
programs.  As with any chronic disease, transition of care is essential to sustained health and 
preventing complications.  Even if a program does not plan for MBSAQIP accreditation, 
following these guidelines should assure the comfort and safety of pediatric patients 
undergoing MBS.  For more information and guidance please see 
(https://www.facs.org/quality-programs/mbsaqip) 
Program requirements:  We recommend that all adolescents with severe 
obesity be referred, early, to metabolic and bariatric surgery programs that 
are established for adolescents and follow MBSAQIP program 
recommendations.  
 
 
Treatments 
Types of metabolic and bariatric surgery 
In 2013, a meta-analysis was published that reviewed all case series of adolescent and pediatric 
patients undergoing MBS.11 637 adolescent patients were reported in 23 studies; by 2015, 
another meta-analysis only looking at studies of more than 10 patients found 37 studies with 
2655 unique patients. This data, in addition to the recently published three year outcomes of 
Teen-LABS, a prospective observational study of 242 adolescents, and two long term (>7 year) 
outcome studies, provide enough data to definitively state that MBS in adolescents is at least as 
effective and safe as in the adult population. Today, the procedure of choice in adults 
worldwide is the VSG. This operation is also the most common operation performed in 
adolescents. 
Adjustable gastric band:  The adjustable gastric band (AGB) was approved by the Food 
and Drug administration (FDA) in the United States168 in 2001 for adults and soon after was 
studied formally in adolescents. Paulus reviewed 18 studies with 607 patients who underwent 
AGB and reported a mean BMI loss of 11.6 Kg/m2.12 Complication rates reported by Paulus et al. 
showed no deaths with a complication rate of 10.5% with 0-128 month follow-up and 
gastrointestinal complaints in 9.9%; re-intervention rate was 14.7%. Even though the FDA-
approved (LBA-001) multi-institutional industry trial (Allergan) was completed around 2013 in 
adolescents, to date no data have been published.  The adjustable gastric band is currently not 
FDA approved in patients under 18 who are not part of a trial.   
There are more data internationally supporting use of the AGB in adolescents than there 
are in the US.  For example, Pena et al. reported a prospective study on 21 adolescents 
undergoing AGB with a follow up for 48 months, which showed a median BMI loss of 10 
kg/m
2
(7-14.6).169 The study had 4 early minor and 12 late band or weight loss-related 
complications; no deaths were seen in this cohort. Re-intervention rate was 42%, which 
includes the band removals. Given the high failure rate and increased need for 
reintervention,169 we do not feel the AGB should be the preferred weight loss procedure in 
adolescents. 
Roux-en-Y gastric bypass:  Roux-en-Y gastric bypass (RYGB) has been performed since 
the late 1960’s and laparoscopically since the early 1990s. The Teen-LABS data updated in 2016 
includes 161 adolescents who underwent RYGB with a 3 year follow-up.17 In addition, Paulus et 
al. evaluated 6 studies with 242 RYGB patients for BMI loss and 9 studies with 495 patients 
reviewed for complications.12 These studies showed a mean BMI loss of 15 kg/m2 and 16.6 
kg/m2 respectively. The re-intervention rates, including endoscopies with dilatations, were 19% 
in the Teen-LABS study and 17% in Paulus’s review. The 30 day complication rates were 
reported to be 9.3% from Inge25 and 11% in the meta-analysis.12 Resolution of comorbidities 
and quality of life were recorded by both as being significant.  
There is a recent study from Sweden looking at 81 adolescents who underwent RYGB 
and 81 matched adolescent controls.34This study followed patients for 5 years and showed 
significant sustained BMI loss of 13kg/m2 compared to weight gain in controls.  There was a 
90% success rate of losing and maintaining at least 10% of total body weight and a 25% 
reoperation rate.  In the controls there was a 25% rate of undergoing MBS. 
The benefit from RYGB clearly outweighs the risk in most adolescents with severe 
obesity; however, any adolescent who is smoking or living with those who smoke is at a 
significantly higher risk of complications following RYGB surgery.170,171 Caution should be used 
in adolescents who have significant issues with medication compliance, due to the dependence 
on vitamins following surgery.172 Finally, in patients who suffer from severe GERD, RYGB is 
superior to the VSG for the treatment of reflux.  
Vertical sleeve gastrectomy: VSG became recognized as a stand-alone procedure for 
weight loss with metabolic mechanisms in early 2000.  Since the last recommendations, VSG 
has become the preferred choice for MBS in both adults and adolescents.17 The BMI loss with 
VSG is reported to be 13 kg/m2 in the Teen-LABS data and 14.1kg/m2 in the Paulus review.12 
VSG is particularly attractive for the adolescent population due to the lower risk of 
complications than the RYGB. In the Paulus review, the 30 day complication rate was 2.7% and 
in the Teen-LABS data, it was 4.5%. The re-intervention rate for VSG was 11% in the Teen-LABS 
study at three years and 1% in the Paulus study. There is a single center study looking at 226 
children and adolescents three years after VSG that found a 20kg/m2 drop in BMI.173 VSG does 
have a slightly lower comorbidity resolution rate when compared to RYGB; however, given 
similar weight loss and a significantly lower complication rate, the VSG has become the most 
recommended operation in the adolescent population.  We still lack significant long-term 
outcomes data on VSG and should remember that the RYGB remains a safe and effective 
operation with significant long-term outcomes data.  Due to asymptomatic GERD occurring 
after VSG in adults, periodic postoperative screening could be considered following VSG in 
adolescents. 
Biliopancreatic diversion (BPD) with or without duodenal switch (DS):  There remains 
little data on adolescent patients undergoing biliopancreatic diversion. While in adults this 
operation has shown the best weight loss and resolution of type 2 diabetes and other co-
morbidities, BPD still carries a high risk of protein calorie malnutrition and vitamin deficiencies, 
especially of the fat soluble vitamins. In 2016, the Board of the Spanish Society for Obesity 
Surgery and Metabolic Diseases (SECO) proposed a study of childhood obesity by using the 
Delphi method. This prospective study involved 60 experts from nine national societies. In the 
specific questions on surgical technique, the experts agreed on the need to abandon BPD in 
adolescents because it leads to excessive operative morbidity and severe nutritional 
deficiencies.174 While newer versions of BPD with DS and single anastomosis duodenal switch 
(SADS) that leave a long (>300cm) common channel may be reasonable alternatives, more 
studies will be needed.  There would remain a need for strict dietary adherence; the most 
recent review of SADS shows 34% of patients with macronutrient deficiencies.175 Our 
committee remains in agreement that this operation should be reserved for adults in most 
cases.  After VSG, BPD with DS or SADS could be done as a staged procedure for inadequate 
weight loss or weight regain once the adolescent reaches adulthood.   
Metabolic and bariatric surgery types:  The VSG and RYGB can be considered both safe 
and effective treatments for severe obesity in adolescents. When deciding which 
operation to use in adolescents, consideration of complications associated with vitamin 
deficiencies, durability, and reoperation must take high priority. The risk of reoperation is 
significantly higher in BPD and AGB than in the other two operations, making these less 
desirable choices.  
Pharmaceuticals 
Weight loss medications are useful in the treatment of children and adolescents with 
obesity,176,177 but there are only a few medications that have been formally evaluated in the 
population.178 While there has been a recent increase in the number of medications approved 
for treatment of obesity in the adult population, only metformin and orlistat are routinely 
prescribed in the pediatric population.179 In addition, despite the relatively low efficacy of 
orlistat in comparison to other weight loss medications, it is the only drug currently approved 
by the FDA for treatment of obesity in children and adolescents.180 Studies which evaluate the 
long-term treatment of obesity in adults with pharmacotherapy as an adjunct to lifestyle 
intervention demonstrate greater mean weight loss and an increased likelihood of achieving 
clinically meaningful 1-year weight loss relative to placebo.181 
In a recent Cochrane systematic review, the efficacy of weight loss medications in 2484 
children and adolescents was evaluated in 29 trials, eight of which were ongoing. These trials 
included an evaluation of metformin (15 trials), sibutramine (6 trials), orlistat (4 trials), 
topiramate (2 trials), exenatide (2 trials), and one trial investigated the combination of 
metformin and fluoxetine.182 In the interventions which were 12-48 weeks in length, there was 
a mean difference (MD) in body mass index (BMI) of -1.3 kg/m2 (95% confidence interval (CI) -
1.9 to -0.8; P<0.00001). Despite these trials, there is limited information on the efficacy and 
safety of medication for weight loss in children.183 Yet, weight loss medications show promise 
for treatment both as an adjunct to lifestyle and for persons with inadequate weight loss or 
weight regain after MBS.184 
Pharmaceuticals:  Medications have a useful role as adjunct therapy for the treatment of 
adolescents with severe obesity who undergo metabolic and bariatric surgery. The 
medication choice, dosage, and timing will require further research in the adult and 
pediatric populations. 
Emerging Treatments 
Four Endoscopic Bariatric Therapies (EBT) have recently been approved by the FDA for 
use in adults with obesity.  These include: two intragastric balloons, one vagal stimulator, and 
one gastric aspiration device.  These devices share some common characteristics; 1) they are 
adjustable, 2) they are reversible, 3) they should only be used in the setting of a 
multidisciplinary pediatric team, and 4) their effect in terms of weight loss is less than that of 
MBS procedures.  In adults with obesity, EBT are suggested as a bridge to MBS or as a tool for 
weight management for those in whom MBS is contraindicated.  Adult studies have 
demonstrated a 10-20% weight loss with higher rates of weight regain than with MBS.  EBT’s 
have appeal but need careful study to avoid procedures that could make MBS difficult or 
impossible.   
The role of alternative therapies and EBT in weight management for children and 
adolescents with obesity is unknown.  There are few studies looking at outcomes using gastric 
pacers or EBT’s in adolescents and children with obesity.185-187 Currently, the endoscopic 
versions of current metabolic and bariatric surgical procedures are struggling with durability.  
The long-term durability and the physiological consequences of these variations are unknown. 
FDA indications for these devices do not include adolescents.  One intragastric balloon has FDA 
approval for 18 years and older, another for 22 years and older.  The laparoscopically placed 
vagal nerve stimulator and the gastric aspiration device are approved for age 18 years and 
older.  
There may be a role for the use of alternative therapies and EBT’s when a metabolic and 
bariatric surgical procedure must be delayed due to other health conditions or is not indicated 
(i.e. before orthopedic procedures or in patients with unfavorable anatomy for MBS).  As with 
adults, these therapies could be used for weight management in those who find MBS  
unacceptable or inaccessible. As adjunct therapy for preoperative weight loss, EBT’s have not 
been fully studied.  The intragastric balloon, for example, has been shown to induce gastric wall 
thickening that could potentially affect surgical stapling; more studies are needed. 
For procedures that involve significant small bowel resections we would recommend 
they be avoided in adolescents until adequate data are collected in adults to show at least 
equivalence to current metabolic and bariatric procedures.   
Alternative and Endoscopic Bariatric Therapies:  There may be a role for 
endoscopic bariatric therapies in adolescents. More research is needed for routine use; 
however, EBT should not be denied based on age when MBS is not anatomically possible, 
and companies should be encouraged not to delay studies in adolescents with obesity 
once safety in adults is demonstrated. 
Benefits and risks 
Mortality data from adult studies 
It is important to recognize that MBS has been shown, in adults, to decrease all-cause 
mortality when compared to weight matched controls.188 The Swedish obesity subjects were 
followed for 16 years in a study that enrolled over 2000 MBS patients and 2000 case matched 
controls.  This study showed patients who underwent MBS had a hazard ratio of 0.76 for 
mortality compared to controls.  Another group from McGill looked at 1000 surgery patients 
and 5000 case matched controls.  They found a sustained 67% weight loss and a reduced 
relative risk of death by 89% during the 5-year study.  In addition, there were significant 
reductions in cardiovascular disease, cancer, endocrine disorders, and psychiatric complications 
as well as long term health costs.189 
While there are no studies that specifically look at adolescent mortality risk 
improvement after MBS, these studies suggest that patients with long-term exposure to obesity 
may be at the highest risk of early mortality and thus early intervention would be expected to 
provide more significant protective health benefits.  
Mortality Risk:  Years of exposure to the obese state likely contributes to early mortality 
in patients with childhood onset obesity, therefore early intervention may decrease 
mortality in adolescents undergoing MBS. 
Reoperation 
Reoperation can be necessary in patients who undergo a primary weight loss procedure 
for two primary reasons: 1. A complication of the original procedure i.e. band slipped, 
cholecystitis, internal hernia, leak, etc. or 2. Failure to lose weight or resolve 
comorbidities.190The first is discussed in the complications of surgery; however, the second 
merits some careful consideration. All MBS procedures do not work in all patients. The “failure 
rate” from MBS is not well defined and can vary from no weight loss to failure to lose > 50% of 
excess body weight.191 Reporting of “failure rate” is also very poor in the literature. 
When considering a patient with lack of inadequate weight loss from a procedure, one 
should first ask for evaluation by a dietician and a psychologist to assess for dietary indiscretion 
and/or disordered eating. If the patient’s caloric intake is low and they underwent a RYGB or 
VSG before, then considering the addition of medications might be reasonable.184 For patients 
who underwent an AGB or VSG, then an alternative procedure can be considered but it is 
important to frankly discuss the possibility that the patient is simply a “non-responder” and 
may not lose weight even after conversion. 
Reoperation and Revision Surgery:  When there is inadequate weight loss or failure of 
resolution of certain comorbidities, then conversion of an AGB or VSG to a RYGB is 
recommended, however it may be reasonable to try the addition of weight loss 
medications as well. 
Nutritional risks 
Noncompliance with medical regimens is particularly common among adolescents with 
chronic diseases.192 MBS creates a potential for both macro- and micro-nutrient deficiency.193-
194 Reduced food volume (a feature of all procedures) may result in inadequate protein intake.  
The RYGB may sometimes limit fat absorption and as a consequence result in long term hypo-
vitaminosis of fat soluble vitamins A, D, E, and K. Iron deficiency and low vitamin D levels are 
common in patients with the disease of obesity, particularly in females. Anemia is common 
after MBS and may relate to low levels of iron, folate, B6 or B12. Dietitians with expertise in 
MBS are best equipped to assess nutritional status, including screening for frank nutrient 
deficiencies 
Thiamine (vitamin B1) deficiency presenting with Wernicke’s encephalitis has been 
described previously with RYGB procedures in adolescents, especially those with poor intake 
and protracted emesis, but recently it has been observed following VSG as well.195 Adolescence 
is a critical period for bone mass accumulation, with > 50% of adult total bone mass achieved 
during this period; calcium and vitamin D are vital for the accrual of optimal bone mineral in the 
developing skeleton.196-197 
Preparation for MBS educates patients and families to the importance of taking vitamins 
and supplements regularly prior to MBS to reduce the risk of deficiencies following MBS. 
Preoperative nutritional assessment includes serum iron, folate, ferritin, and TIBC; thiamin (B1); 
vitamin B12; vitamin A and B6; calcium, PTH, alkaline phosphatase, vitamin D, phosphorus, 
magnesium, and zinc. All except serum magnesium and zinc should be checked 2 months post-
surgery and all should be checked at 6 months and then yearly thereafter. Individuals who have 
gastric resection or bypass also need serum levels of copper and selenium checked starting with 
the 6 month post-surgical visit. Vitamin A levels may also be monitored annually, especially in 
procedures with small intestine bypass.198 Standard supplementation recommended for 
adolescents includes: Vitamin B1 preoperatively and for at least 6 months postoperatively, 
Vitamin B12 sublingual, multivitamin with iron, and calcium citrate with vitamin D daily.  See 
the ASMBS Nutritional guidelines for current recommendations and dosages.199 
Nutritional risks: Adolescents are more likely to stop taking nutritional supplements.  
Therefore, annual follow-up with vitamin level monitoring is strongly recommended.  All 
efforts should be made to help adolescents remember and become accustomed to taking 
supplements daily.  
Pregnancy 
Almost half of all patients who undergo MBS are, or will be, women of reproductive age. 
Up to 50% of women of reproductive age and 20-25% of pregnant women have overweight or 
obesity at the first antenatal visit.200 Women who have obesity display higher frequencies of 
morbidities and mortality, and their offspring show higher frequencies of stillbirth, neonatal 
death, congenital anomalies, and macrosomia.201 Women with obesity are more often afflicted 
with gestational hypertension and gestational diabetes (GDM). The linear relationship between 
obesity and diabetes entails an increase in the incidence of GDM of up to three-fold with 
increasing BMI.202 Obesity is a well-known associated risk factor for developing pregnancy-
associated hypertensive disorders (PAHD),203 entailing a two-three-fold increased risk for 
hypertension and preeclampsia in women with a BMI > 30 kg/m2.204 The incidence of 
pregnancy-associated hypertension and preeclampsia increases proportionately with maternal 
BMI, ranging from 1.4 to 2.4% in women with normal body weight and reaching 3.5-14.5% in 
women with severe obesity.202 
MBS does, however, render dramatic improvement in these disease processes. 
Numerous studies have reported a reduction in the rate of GDM following MBS (0-8.9% in 
pregnancies after MBS versus 1.6-20.8% in the control group). Women who had MBS 
experience a higher birth rate compared with women with obesity who had not undergone 
MBS. In fact, in recent years, many studies report that women who became pregnant after MBS 
tend to deliver newborns with an overall lower body weight and a higher rate of small-for-
gestational-age (SGA) infants (5.2-27.8%), in comparison to non-operated women.205 
Many authors recommend a waiting period of at least two years after MBS to become 
pregnant. However, no high-quality evidence supports this recommendation. In recent years, 
several studies report that maternal and perinatal outcomes of pregnancies occurring earlier 
than 12-18 months after MBS were not inferior.206 Smith et al. observed that offspring born 
after maternal RYGB surgery exhibited increased insulin sensitivity and improved lipid profiles 
when compared with offspring born before maternal MBS.207These offspring also exhibited 
lower risk for obesity, even though many women were classified as obese when they conceived. 
This finding suggests that intrauterine environment may be even more relevant for pregnancies 
in women with previous MBS, because of its influence on epigenetics and subsequent 
development of obesity and other cardiovascular risk factors.208  
Pregnancy: There is significant morbidity and mortality associated with pregnancy in 
women with obesity.  Pregnancy after metabolic and bariatric surgery confers a 
significant health benefit for both mother and infant; however, infants are likely to be 
small for gestational age and vitamin supplementation is imperative.  Adolescent 
pregnancy carries its own risks and metabolic and bariatric surgery can increase fertility; 
therefore, all female metabolic and bariatric surgery patients should be counseled on 
birth control surrounding MBS.   
Conclusions: 
This update of the 2012 guidelines represents a major shift in philosophy with the 
significant milestones made in the current understanding of obesity.  The disease of obesity has 
become recognized as a metabolic disease controlled by genetic factors, with clear evidence 
that the physiologic control of weight is through neuro-endocrine pathways that regulate body 
mass by affecting satiety, hunger and metabolism.  The recognition that weight is largely not 
under volitional control leads to a strong need to offer effective, sustainable, proven therapies 
to children with obesity.   
There has also been a major shift in thinking about the use of medications, nutrition, 
behavioral training, physical therapy and MBS together instead of separately.  While timing of 
each of these interventions remains unclear, for patients suffering from severe obesity disease, 
most will require all of these therapies to attain a healthy weight and completely control weight 
related comorbidities.   
Summary of major changes in this guideline include: 
1. Vertical Sleeve Gastrectomy (VSG):  VSG has become the most used and most 
recommended operation in adolescents with severe obesity for several reasons:  near 
equivalent weight loss to the Roux-en-y Gastric Bypass (RYGB) in adolescents, fewer 
reoperations, better iron absorption, and near equivalent effect on comorbidities as 
RYGB in adolescents.  However, given the more extensive long-term data available for 
RYGB, we can recommend the use of either RYGB or VSG in adolescents.  Long term 
outcomes of GERD after VSG are still not well understood.   
2. Preoperative attempts at diet and exercise.  There are no data that the number of 
weight loss attempts correlates with success after metabolic and bariatric surgery.  
Compliance with a multidisciplinary preoperative program may improve outcomes after 
MBS but prior attempts at weight loss should be removed as a barrier to definitive 
treatment for obesity. 
3. Use of the most up to date definitions of childhood obesity: a) BMI cut offs of 35kg/m2 
or 120% of the 95th percentile with a co-morbidity or b) BMI above 40kg/m2 or 140% of 
the 95th percentile without a co-morbidity (whichever is less). Requiring adolescents with 
a BMI over 40 to have a co-morbidity (as in the old guidelines) puts children at a 
significant disadvantage to attaining a healthy weight.  Earlier surgical intervention (at a 
BMI less than 45kg/m2) can allow adolescents to reach a normal weight and avoid 
lifelong medication therapy and end organ damage from co-morbidities. 
4. Certain co-morbidities should be considered in adolescents, specifically the 
psychosocial burden of obesity, the orthopedic diseases specific to children, GERD, and 
cardiac risk factors. Given the poor outcomes of medical therapies for T2D in children, 
these comorbidities may be considered an indication for MBS in younger adolescents or 
those with lower obesity percentiles. 
5. Vitamin B deficiencies, especially B1 appear to be more common in adolescents both 
preoperatively and postoperatively; they should be screened for and treated.  
Prophylactic B1 for the first six months postoperatively is recommended as is education 
of patients and primary care providers on the signs and symptoms of common 
deficiencies. 
6. The use of emerging technologies in adolescents should be considered when standard 
procedures are unavailable or anatomically inappropriate, but when done in adolescents 
they must be used in the setting of an age appropriate multidisciplinary team that treats 
obesity and under an IRB approved trial.  Companies should be encouraged to fund trials 
of new devices in adolescents at least as soon as a device is FDA approved in adults. 
7. Developmental delay, autism spectrum, or syndromic obesity should not be a 
contraindication to metabolic and bariatric surgery.  Each patient and caregiver team will 
need to be assessed for ability to make dietary and lifestyle changes required for surgery.  
Multidisciplinary teams should agree on the specific needs and abilities of the given 
patient and caregiver and these should be considered on a case by case basis with the 
assistance of the hospital ethics committee where appropriate.  
8. When to refer:  Since MBS results in better weight loss and resolution of comorbidities 
in adolescents at lower BMI’s with fewer comorbidities, referrals should occur early, as 
soon as a child is recognized to suffer from severe obesity disease (BMI >120% of the 
95th percentile or BMI of 35).  Prior weight loss attempts, tanner stage and bone age 
should not be considered when referring patients to a metabolic and bariatric surgery 
program. 
9. Unstable family environments, eating disorders, mental illness, or prior trauma should 
not be considered contraindications for metabolic and bariatric surgery in adolescents; 
however, these should be optimized and treated where possible prior to and surrounding 
any surgical intervention for obesity.  
10. Routine screening of alcohol use is imperative across all procedures. Conservative 
clinical care guidelines which strongly advocate abstinence, while appropriate, must also 
include information for this age group on harm reduction (i.e., lower consumption levels, 
how to avoid or manage situations related to alcohol-related harm) to mitigate clinical 
and safety risks.  Risks of nicotine should be discussed and smoking or vaping nicotine 
should be discouraged. 
11. The recognition of obesity as a chronic disease which requires multimodal therapies 
justifies the treatment of such a disease in a multidisciplinary team that can provide 
surgical, pharmacologic, behavioral, nutritional, and activity interventions. Pharmacologic 
therapies as adjuncts to surgical therapies may provide improved outcomes long term in 
the pediatric population, more studies are needed.    
Children who suffer from obesity are at a significant disadvantage if they are denied MBS. 
MBS is clearly one of the main obesity treatment modalities with the best sustained weight loss 
and control of obesity related co-morbidities.  Data supports the use of MBS in adolescents 
with severe obesity; either the VSG or the RYGB should be considered for adolescents with a 
BMI over 35 or 120% of the 95th percentile and a comorbidity or with a BMI over 40 or 140% of 
the 95th percentile.  Prior weight loss attempts, tanner stage and bone age should not be 
barriers to definitive treatment.  Vitamin levels should be monitored before and after MBS with 
all attempts to maximize compliance with vitamin supplements long-term.  Multidisciplinary 
teams should stabilize and treat preexisting eating disorders, assure stable social support, 
assess and assist with nutrition and activity knowledge, and consider the addition of 
medications when appropriate.   MBSAQIP guidelines should be followed when building an 
adolescent metabolic and bariatric surgery program.  It is the responsibility of the adolescent 
metabolic and bariatric surgery program to have a transition plan in place for adolescents to 
transition to an adult metabolic and bariatric surgery program for lifelong care. 
Disclosures: TI is a consultant for Standard Bariatric. SM is a speaker for Gore and Mederi 
therapeutics. The remaining authors have no commercial associations that might be a conflict of 
interest in relation to this article.  
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